Background and Purpose; Hypertension is associated with enhanced oxidative stress. Low-level laser therapy (LLLT) 
INTRODUCTION
Essential hypertension is one of the most prevalent disorders in the adult population worldwide (1) and represents an important risk factor for cardiovascular and cerebrovascular disease.
(2,3)
The fundamental pathophysiology of essential hypertension is sympathetic overactivity.
(4,5)
Oxidative stress is the imbalance between the generation of reactive oxygen species (ROS) and the antioxidant defense capacity of the body.
(6,7)
ROS are derived from reduction of molecular oxygen resulting in formation of superoxide anion, hydrogen peroxide and hydroxyl radical.
Under physiological conditions the production of ROS is counterbalanced by a cellular antioxidant defense system that includes enzymes such as superoxide dismutase, catalase and glutathione peroxidase (GPX). These enzymes act as ROS scavengers and convert them into less detrimental compounds.
(9)
Oxidative stress induced by ROS is a key cause of endothelial cell dysfunction.
(10)
Vasomotor function is tightly regulated by ROS. At low concentration, ROS regulates vascular tone, proliferation, and cell signaling. However, excessive amount of ROS is associated with the pathogenesis of cardiovascular diseases including hypertension, atherosclerosis, diabetes, and chronic kidney disease.
(11)
Several lines of evidence suggest that hypertension is associated with enhanced oxidative stress.
(7) During hypertension, cells within the vascular wall produce a variety of ROS, including hydrogen peroxide.
(3.9.12) In particular, it has been proposed that superoxide anions might trigger the development of hypertension, by inactivating endothelium-derived nitric oxide, thus impairing its beneficial and protective effects on the vessel wall. In essential hypertension, both the plasma levels of lipid peroxides and the leukocyte production of superoxide anion or hydrogen peroxide were found to be increased, while the levels of antioxidants, were found to be decreased.
(13)
Pharmacological treatment of hypertension has limitations resulting from drug side effects, costs and patient compliance.
Nonpharmacological treatment of hypertension is an important part of the therapeutic strategy. and is used in many biomedical sciences to promote tissue regeneration.
(18) Such lasers have also been recommended as an effective alternative to metal needles for the stimulation of acupuncture trigger points; this form of therapy is commonly termed "Laser Acupuncture". Laser acupoint therapy has been recently investigated as a physical therapy modality to control blood pressure and improve oxidative balance in essential hypertension.
(17) There is substantial evidence that regular physical activity lowers blood pressure and enhances endothelial vasodilator function in hypertensive patients.
(20,21) So that aerobic exercise is considered as an important tool in hypertension management.
(22,23)
The main aim of the study was to measure the levels of MDA and GPX in relation to practicing laser acupuncture therapy and exercise program in mild essential hypertensive patients. The specific aim of the study was to test the effectiveness of laser acupoint therapy on arterial blood pressure level.
SUBJECTS & MATERIAL

Subjects;
Forty-five male patients (aged between 40-60 years) with mild essential hypertension (1) (resting blood pressure ranged between 140/90 and 160/100 mm Hg) were volunteered to participate in the study. Patients were recruited from Out-patient Clinics of National Heart Institute, Giza, Egypt, during the period of June-September 2010. Patients were non-smokers during the study and were not receiving antihypertensive or antioxidant medications on regular basis. None of the participants changed their physical activity or eating habits during the study.
Patients who met the criteria of inclusion of the study were referred by the treating cardiologist to outpatient physical therapy clinic of the heart institute. Individuals with heart, kidney, thyroid disorders, diabetes, chronic disease or illness, neurological diseases, skin or bleeding disorders, or suffering from any musculoskeletal disorders that might interfere with the study program were not recruited in the study.
Ethical approval for conducting the research was obtained from the Local scientific and ethical research committee of the Heart Institute. All patients provided written informed consent, and the required investigations were conducted to all patients as recommended by the referred physician. Following baseline assessments, patients were categorized randomly into three homogenous groups; laser therapy, exercise and control, each group compromised of 15 patients.
Material
Patients of laser group underwent LLLT by using BTL-5110 Laser therapy unit, applied to acupuncture points through pressure contact technique by using infrared laser probe. The parameters of application were; duration of 2 minutes, wave length of 904 nm, frequency of 5000 Hz, an average peak power of 5 mW and energy density of 2 J/cm 2 , 3 times per week for 4 weeks. The points selected for treatment of hypertension were LI 4 and LI 11 in the upper arm.
(24)
Patients of exercise group were familiarized with the treadmill used and informed about the protocol of the exercise program. They received a supervised moderate treadmill program at 60% of heart rate reserve, as determined by the heart rate monitor, for 20 minutes, 3 times per week for 4 weeks.
(25)
Patients of control group were instructed to perform their usual daily physical activities and were not contacted during the 4-weeks intervention period except for counseling of medical care as recommended by the referred cardiologist, and after 4-weeks, to record post measures.
Statistical Analysis:
Data of pre-and post-intervention measures were collected and entered into statistical program (SPSS version 16). Descriptive statistics were performed followed by analysis of variance (ANOVA test) to compare the means of parameters of the three groups. Dunnett t (2-sided) test was used to elicit multiple comparisons among the three groups. Paired t-test was used to test the difference between different pairs of groups, and the selected level of significance was 0.05 and a significant level less than 0.01 was considered highly significant.
RESULTS
Forty-five male patients with mild essential hypertension were categorized randomly into three groups; laser therapy, exercise and control. Table  (1) shows nonsignificant (P>0.05) difference of all studied parameters among the three groups before the intervention. Table ( 2) reveals high statistically significant differences (P<0.01) of all studied parameters among the three groups after the intervention. Table  3 shows multiple comparisons of the mean studied parameters using Dunnett t test. Posthoc test (Dunnett t test) was used to elicit differences between the significant parameters, which showed significant differences. Multiple comparisons were used to identify significant differences between each pair of the three groups. Comparing post-intervention results between laser therapy and control groups, and between exercise and control groups showed a high statistical significant difference (P<0.01) for all parameters except of GPX, showed nonsignificant (P>0.05) difference. On comparing post-intervention records of resting serums; MDA and GPX among the three groups, figure (7) shows that the mean values of MDA of laser therapy group showed the most significant reduction (5.55 nmol/ml) compared with exercise group (7.67 nmol/ml) and control group (11.35 nmol/ml). While on comparing post-intervention mean values of GPX among the three groups, figure (7) shows nonsignificant differences. 
DISCUSSION
Hypertensive patients are exposed to apparent oxidant stress.
(26)
It is caused by imbalance between adaptive antioxidant defensive status and activity of free radical processes.
(6) Lowering blood pressure and also reducing lipid peroxidation and enhancement of antioxidant enzymes activity must be required in treatment of hypertension.
(13,27)
Special attention is focused on those with mild to moderate hypertension as they constitute the majority of all hypertensive patients.
(5)
The non pharmacological treatment is advocated such as exercise (12,21,23) and also LLLT (16-19,28,29 ) that has been suggested to be a beneficial noninvasive antihypertensive agent.
The statistical analysis of data of laser therapy group after the application of LLLT showed a significant reduction of both resting serum MDA and GPX by -5.13 and -0.12 respectively. This reduction reflects reduced serum lipid peroxidation and reduction of release of ROS from different sites of vascular system at the level of respiratory chain or an increase of antioxidant enzymes. These results agreed with Silveira et al (18) who claimed that LLLT decreases the release of ROS via an action on the Nicotinamide adenine dinucleotide phosphate (NADPH) oxidase system in mitochondria or enhancing the activity of respiratory chain enzyme and cytochrome oxidase. Also, Velizhanina et al (28) reported that patients with angina pectoris who received LLLT for a month reduced their plasma MDA. In addition, Zhang et al (17) reported that infrared laser irradiation contributes to correction of the elevated level of hydro peroxidase and MDA with increased level of superoxide dismutase in the brain. Again, Albertini et al (30) postulated that activation of an enzyme or induction of its synthesis requires only a few photons, once this enzyme activated it can catalyze a cascade of reactions inside the living cell.
The laser group showed also a significant reduction of resting SBP, DBP and PR, which was supported by Velizhanina et al (28) who reported in a placebo-controlled study that an antihypertensive activity in relation to LLLT was evaluated in 52 males with essential hypertension stage I as monotherapy of 10 daily procedures. This treatment significantly lowered systolic and diastolic blood pressures.
In this present study, application of exercise program in the form of treadmill training in the exercise group showed a statistical significant reduction in resting serum MDA and a significant increase in serum GPX. These results were supported by Nojimaa et al (31) who reported that moderate-intensity aerobic exercise training over 12 months reduced oxidative stress and improved glycemic control in patients with type 2 diabetes mellitus.
On the other hand, the study documented a significant reduction in both mean resting SBP and DBP values, accompanied by lowering of resting PR in both laser therapy and exercise groups. These changes may be related to attenuation of peripheral resistance induced by laser treatment.
(32) Reduction in systemic vascular resistance is due to exerciseinduced sympatholytic vasodilatation in skeletal muscle.
(11,32) In addition, Ciolac et al (23) showed that just a single bout of dynamic exercise can decrease BP below basal levels in hypertensive subjects, and that this hypotensive effect remains for several hours after the exercise.
However application of laser therapy in first group induced the most significant effect. This was agreed with Lee Data from randomized, controlled trials indicated that increasing aerobic physical activity could be effective for reducing chronic inflammation. 
Conclusion
The present study demonstrated that short-term (4-week) laser therapy and supervised treadmill exercise program significantly improved MDA level. The main findings of this study were the significant reduction in resting SBP and DBP exhibiting a considerable hypotensive effect. It was found also that laser therapy is more efficient in improving the studied parameters than such improvements found in exercise program group. It was also suggested that a combination therapy of both laser therapy and exercise program for those patients will produce more reduction of blood pressure as well as reducing the daily requirements of antihypertensive drugs with their possible associated long-term side effects.
